Ion-exchange materials have been investigated for the removal of radionuclides from near-neutral-pH wastewaters containing competing cations at concentrations greater than those of the targeted species. Natural chabazite zeolite was chosen as the baseline material for the removal of fission products, namely "Sr and '37Cs, from wastewater and groundwater. The sorbent IONSW E-91 1, a crystalline silicotitanate manufactured by UOP, was recently tested in this capacity and found to compare extremely well against the baseline material in removing "Sr and I3%s from process wastewater. This paper presents results of similar column tests performed using both materials, as well as results from batch experiments on actuai wastewaters using IONSIV E-9 1 1.
I. INTRODUCTION
The Department of Energy (DOE) has supported the development of a number of new sorbents specific for the removal of "Sr andor ' "Cs from highly caustic tank supernatant waste. Among these is the inorganic exchanger crystalline silicotitanate (CST). ' The sorbent is selective for both "Sr andor 137Cs and is now available in an engineered form (IONSIV E-9 1 1) through UOP Molecular Sieves. Pelletized CST has been shown to perform well in removing strontium and cesium from dilute, near-neutral-pH wastewater as well, and is therefore applicable to the cleanup of secondary wastewater generated during decontamination activities, contaminated groundwater, and general process water produced at DOE facilities.'
An effort is now under way to evaluate IONSIV E-91 1 for the treatment of radioactively contaminated
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Oak Ridge, Tennessee 3783 1-6201 (423) wastewater generated at a number of DOE sites. Nearneutral-pH wastewaters present a more difficult challenge for radionuclide removal than tank waste for this sorbent due to the levels of soluble W i n e and W i n e e a r t h cations. Because concentrated DOE tank waste contains a sigmficantly higher sodium ion concentration, the high-salt content and alkalinity (pH >12) negate the need for sorbent selectivity over calcium and magnesium ions, which are only minimally soluble in this waste matrix. Near-neutral-pH wastewaters, derived from contaminated groundwater or generated during reclamation andor decontamination activities, contain soluble sodium, magnesium, potassium, and calcium ions that are usually 2-3 orders of magnitude greater in concentration than the total strontium content. Because cesium is present only as 137Cs in these wastewaters, the relative concentration of competing cations is often eight orders of magnitude greater than that of cesium.
Several actual wastewaters have been tested; batch tests have been run to evaluate the efficiency of CST in removing the strontium and cesium from several of these waste ma&ices. Long-term column tests on a wastewater simulant representative of the process wastewater generated at Oak Ridge National Laboratory ( O N ) have been completed for both sorbents. Results from these experimental tests will be presented. The impact of waste pH and cation selectivity on the removal of radioactive strontium and cesium will be investigated.
The relative performance of the baseline sorbent, chabazite zeolite, will also be discussed. Zeolites have long been accepted as the ionexchange material of choice for removing strontium and cesium from wastewater containing other competing cations. Both sorbents' physical characteristics, pretreatment procedures, relative ionexchange capacities, sorption loading capacities, and nuclide distribution coefficients will be presented. The concentration of each CST form can be rewritten in t e r n of the preceding equilibrium constants; for example,
An overall mass balance can be written
The distribution of CST functionality in a given waste matrix can tben be determined as a function ofthe equilibrium constants. For example, the fractional contribution of the trisodium form of CST to the overall IONSW E -~I I fundionality be determined as Each of the other CST forms can be similarly represented. For typical nuclear tank waste containing 5 A4 sodium ion and a pH greater than 11, equilibrium calculations indicate that the trisodium CST will be the primary form of CST undergoing exchange. However, the monosodium form of CST is the primary form of the exchanger in near-neutral wastewater streams (Fig. 1) .
Even if the total sodium content is as great as 5 M, over 98% of CST will hydrolyz to the monosodium form in a near-neutral, equilibrated solution. The implication of the preceding calculations is that efforts to convert CST to either the trisodium or the trihydrogen form ate not particularly effective for wastewater applications. According to directions supplied by UOP, IONSIV E-9 1 1 should be converted to the trisodium form by pretreating the CST with NaOH.
Complete conversion to the trisodium CST eIwreS tbat the exchanger will have the greatest exchange capacity in highly alkaIine tank matrices and tbat the pH of the waste is not altered by any exchange of hjdrogen on the CST with sodium ions present in the waste solution. However, in near-neutral waste matrices, the formation of the monosodium CST is highly favored, such that trisodium CST immediately hydrolyzes and elevates the pH of the process wastewater. The secondary consequence of CST hydrolysis is the possibility that near-saturation levels of calcium present in groundwater might precipitate as the pH of the waste increases.
Conversely, if the CST is pretreated with HCl to form trihydrogen CST, monosodium CST is rapidly formed by the uptake of sodium tiom process wastewater and the release of hydrogen ions into the waste stream.
Zeolite performance was enhanced when the natural strontium in the matrix was replaced with sodium using a 2.0 M NaCl wash. This pretreatment, along with sieving and a water wash, also served to reduce fines as well.
B. ColumnTests
Smallcolumn tests have been performed using both sorbent materials on a simulated process wastewater typical of DOE wastewater streams ( Table 2) . Total strontium is present at a concentration of about 0.1 ppm, and peak concentrations of cesium run about 3.4 x lo4 ppm in this wastewater. Average cesium concentrations of 9.4 x 10' ppm are normally present in the wastewater, thus, the simulant tests were run at cesium concentrations approximately 5 x io4 times higher than average. Figures 2 and 3 show the cationic and radioactive species breakthrough cwes, respectively, on the chabazite zeolite. The zeolite selectively removed strontium and Cesium. The 50% breakthrough for strontium and Cesium occurmi at 13,000 and 50,000 BV, respectively, while 50% brealrthrough of major cations (Ca, Mg, and Na) was seen between 100 and 600 BV, therefore, a separation dapproximateiy 12,500 BV (at 50% breakthrough) was seen between cationic and strontium breakthroughs. Distribution cuefiicients (&) and loading capacities (L3 are given in Table 3 . 
C. Batch Tests on Actual Wastewaters
Batch tests were performed on actual wastewaters to further define the capabilities of CST for removing strontium and cesium in the presence of competing cations. The cationic compositions of the two additional wastestmms that were treated are shown in Table 4 .
The Central Neutralization Facility (CNF), located at the former K-25 Site, Oak Ridge, provides treatment for radiologically contaminated effluent derived from the Toxic Substance Control Act (TSCA) mixed-waste incinerator. The bulk of the dissolved solids in the aqueous stream consists of the chloride and sulfate salts of calcium and sodium (see Table 4 ).
Currently, the primary radiological contaminant is uranium, which is removed by iron coprecipitation. However, if ORNL wastes are incinerated at TSCA , both presence of ?3r and I3'Cs in the TSCA blowdown liquor will require an additional decontamination operation at CNF specific for these nuclides. Because of the high salt -dm@Pm) . . 
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'on of 'Osr-and '"Cs-bearing w& ai TSCA content of CNF wastewater, neither chabazite nor clinoptilolite zeolite are suitable for the removal of *Sr and I3' Cs directly from the stream. ' In previous testing of zeolite for the removal of these radioactive constituents from a simulated waste, complete breakthrough on zeolite for all competing cations and strontium was observed in the first 25 BV of column operation; cesium breakthrough occurred at greater than 500 BV.' CST was initially developed for removal of strontium and cesium from high (5 M) NaCl matrices. Therefore, the presence of high concentrations up to 7000 ppm Na (0.3 M ) in CNF waste is not expected to significantly suppress radionuclide sorption, as in the case of zeolite treatment. It is the calcium and potassium content in the waste that will primarily a f k t the removal efficiency of strontium by CST.
An actual sample of CNF wastewater was spiked with strontium and cesium to the levels shown in Table 5 . Batch testing results for removal of strontium and cesium from this wastewater using the IONSIV E-91 1 are summarid in Table 5 . The & for strontium, and thus the strontium loading capacity, L , are reduced by greater than a factor of 10 in CNF waste as compared to PWTP waste. Because CST has a relatively greater selectivity for cesium over potassium and calcium, the cesium & is not as severely depressed in CNF waste. Batch sorption results indicate that a CST loading of 0.5 mg/g CNF waste would result in decontamination factors of 10 and lo00 for strontium and cesium, mpectively. This level of decontamination, particularly in the case of strontium, will meet the minimum needs of CNF operations.
A third source of wastewater representing secondary waste derived from water scarification of inactive Gunite and associated waste tanks (GAAT) at the ORNL site, has recently been analyzed for cation content. iote that the potassium concentration of the waste given in Table 4 is significantly greater than in the other two wastewater sources. If the *Sr and ' "Cs in the GAAT wastewater could be reduced by a factor of 500-1000, it could be transferred directly to the Process Waste Treatment Plant (PWTP) for treatment and eventual discharge, thus saving on storage and further treatment of thousands of gallons of liquid low-level waste.
Batch uptake tests have been run to determine how effective IONSIV E -9 1 1 will be in treating the nearneutral-pH, high-salt waste stream. Initial results indicated that the strontium was not removed from the waste ( Table 5) , but the decontamination factor for cesium was greater than 1200.
A second set of batch tests were completed to determine whether the presence of trace complexing agents or the relatively high concentration of potassium ion (20 ppm) in the actual waste might have suppressed strontium removal. A GAAT waste simulant was prepared that reflected the composition of the scarification water but contained no organic constituents.
A comparison of the K,, for cesium in PWTP (1 ppm
IV. CONCLUSIONS
A comparison of breakthrough data for CST and baseline zeolite processing PWTP wastewater simulant illustrate that both exchangers sorb calcium to approximately the same degree, with maximum sorption ratios of about 1200 L k g in both batch and column configurations. Magnesium is more strongly exchanged on zeolite compared with CST by almost a factor of three. Potassium appears to be strongly exchanged on the CST, with a column distribution coefficient of about 17,000 L/kg. Data for potassium exchanging on the zeolite are not available because the potassium concentration in the simulant was below the ICP detection limit at that time.
The &'s measured during batch tests using CST for removal of Sr and Cs from process wastewater simulant show an enormous loading capacity for 137Cs, which is supported by the column work to date. The K,, (la7Cs on CST = 8, OOO, OOO LAcg as CaIcuIated by Gu et. al.3 is two orders of magnitude greater than that observed on zeolite. Strontium removal from ORNL wastewater in the CST column study is projected to achieve a maximum possible K,, of about 600,000 L k g at 50% breakthrough. In comparison, the K., for strontium exchange on zeolite was 17,000 L/kg at 50% breakthrough (see Table 5 ) .
During the column tests, it was apparent that, physically, the CST is more robust than zeolite. No problems with plugging were noted with the CST, whereas the zeolite produced fines that cemented together and prevented column flow at 50,000 BV. The column results and calculated breakthrough points for wastewater cations imply the wastewater treatment using CST will be advantageous under variable stream compositions. The physical durability of the sorbent suggests that CST will not degrade over the extended lifetime of the high capacity columns. The primary faders limiting tbe use of CST for wastewater treatment appear to be the presence of organic complexom that bind with strontium and high levels of potassium that compete with both Strontium and cesium in the ionechange process.
